Arenivirga flava gen. nov., sp. nov., a new member of the family Microbacteriaceae isolated from a mangrove tidal flat Moriyuki Hamada,* Satomi Saitou and Tomohiko Tamura Abstract A novel Gram-stain-positive actinobacterium, designated T , was isolated from a sand sample collected from a mangrove tidal flat in Japan and its taxonomic position was investigated by a polyphasic approach. The cells of strain HIs16-32 T were Gram-stain-positive, rod-shaped, non-motile and non-endospore-forming. Strain HIs16-32 T contained glutamic acid, glycine and lysine in the peptidoglycan; however, alanine was absent. Galactose and mannose were detected as cell-wall sugars. The isoprenoid quinones were identified as MK-11, MK-12 and MK-10, and the major fatty acids as anteiso- . During the course of a study on the diversity of actinobacteria in subtropical islands, we isolated a novel actinobacterium (strain HIs16-32 T ) from a mangrove tidal flat. Comparative 16S rRNA gene sequence analysis revealed that the isolate is phylogenetically related to members of the family Microbacteriaceae. The objective of this study was to determine the taxonomic position of the isolate using a polyphasic approach.
The family Microbacteriaceae was proposed for the genera Microbacterium [1] , Agromyces [2] , Aureobacterium [3] , Clavibacter [4] and Curtobacterium [5] by Park et al. [6] . The family Microbacteriaceae is one of the largest families within the class Actinobacteria and comprises 47 genera (http:// www.bacterio.net/) at the time of writing. Members of the family Microbacteriaceae have the B type peptidoglycan and unsaturated menaquinones with 7-14 isoprene units in the side chain. Fatty acids are predominantly saturated iso-and anteiso-branched fatty acids and polar lipid patterns include mostly diphosphatidylglycerol, phosphatidylglycerol and glycolipids [7] . During the course of a study on the diversity of actinobacteria in subtropical islands, we isolated a novel actinobacterium (strain HIs16-32 T ) from a mangrove tidal flat. Comparative 16S rRNA gene sequence analysis revealed that the isolate is phylogenetically related to members of the family Microbacteriaceae. The objective of this study was to determine the taxonomic position of the isolate using a polyphasic approach.
Strain T was isolated from a sand sample collected from the mangrove tidal flat located on the estuary of the K ara River, Ishigaki Island, Okinawa, Japan. The procedure employed for bacterial isolation was as described by Hamada et al. [8] . NBRC medium 802 [1.0 % Hipolypepton (Nihon Pharmaceutical), 0.2 % yeast extract, 0.1 % MgSO 4 Á7H 2 O and 1.5 % agar if required; pH 7.0] was used as basal medium for this study. Biomass for the molecular and chemotaxonomic studies, except for cellular fatty acid analysis, was obtained by culturing the strain in shake flasks for 2 days at 28 C at 100 rpm. Biomass grown on trypticase soy agar (Difco) for 24 h at 28 C was used for cellular fatty acid analysis. Colony morphology was examined after incubation at 28 C for 3 days on an agar plate of NBRC medium 802. Morphological features were observed with age (up to 7 days) under a light microscope (BX-51; Olympus) and a scanning electron microscope (JSM-6060; JEOL). Growth parameters (temperature, pH and NaCl tolerance) were determined using the methods described by Hamada et al. [8] . Cell motility, anaerobic growth, Gram staining, catalase and oxidase activity were tested as described previously [9] . Other physiological and biochemical tests were performed using API ZYM, API Coryne and API 50CH systems (bio-M erieux) according to the manufacturer's instructions.
Strain HIs16-32 T formed circular, smooth, yellow colonies that were approximately 1.0-2.0 mm in diameter on NBRC medium 802 after 3 days of incubation at 28 C. Okibacterium fritillariae VKM Ac-2059
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Labedella gwakjiensis KSW2-17 T (X83799) was used as the outgroup. Bootstrap values (>70 %) based on 1000 replicates are shown at branch nodes. Filled circles indicate that the corresponding nodes were also recovered in the trees generated with the maximum-likelihood and maximum-parsimony algorithms. Bar, 0.01 K nuc substitutions per nucleotide position. S1, available in the online Supplementary Material). The strain grew at 10-28 C (optimum 25-28 C) but not at 5, 37, 45 or 60 C. The pH range for growth was pH 6.0-11.0 (optimum pH 7.0-8.0). The strain was found to grow in the presence of 0-10 % NaCl (w/v) but not in 15 % NaCl (w/v). The results of other physiological and biochemical analyses are summarized in the species description below. PCR amplification and 16S rRNA gene sequencing of strain HIs16-32 T were performed as described by Hamada et al. [8] . The phylogenetic neighbours were identified and pairwise 16S rRNA gene sequence similarities were calculated using the EzBioCloud [10] . The almost complete 16S rRNA gene sequence (1479 nt) determined in this study was aligned with reference sequences from some related taxa within the family Microbacteriaceae using the CLUSTAL_X program [11] . Phylogenetic trees were reconstructed by the neighbour-joining (NJ) [12] , maximum-likelihood (ML) [13] and maximum-parsimony (MP) [14] algorithms using the MEGA 6.0 program [15] . The resultant tree topologies were evaluated by bootstrap analysis [16] on the basis of 1000 replicates.
Phylogenetic analysis based on the 16S rRNA gene sequence revealed that strain HIs16-32
T was related to members of the family Microbacteriaceae. However, the strain did not form a reliable clade with any members of the family. Amino acids of peptidoglycan and their isomers, cell-wall sugars, isoprenoid quinones and DNA G+C content were analysed as described previously [9] . The acyl type of the muramic acid in the cell wall was determined using the method described by Uchida et al. [17] . Polar lipids were analysed as described by Hamada et al. [8] . The preparation and analysis of cellular fatty acid methyl esters were performed using the protocol of the MIDI Sherlock Microbial Identification System [18] and a gas chromatograph (6890 N; Agilent Technologies) with Sherlock MIDI software (version 6.2) and the TSBA6 database (version 6.2).
The peptidoglycan sample of strain HIs16-32 T contained glutamic acid (Glu), glycine (Gly) and lysine (Lys) in a molar ratio of 2.0 : 2.1 : 0.9. Enantiomeric analysis of the peptidoglycan amino acids revealed the presence of D-Glu, L-Glu, Gly and L-Lys. Surprisingly, alanine was not detected. Taking into account the above results and the fact that all known B-type peptidoglycans contain an L-isomeric amino acid in position 3 of the peptide subunit, it was suggested that the peptidoglycan type of strain T is B1g [19, 20] , with L-Lys as the diagnostic diamino acid; however, the detailed structure of the peptidoglycan could not be demonstrated. The acyl type of the muramic acid was Nacetyl, and the cell-wall sugars were galactose and mannose. The predominant menaquinone was identified as MK-11, with MK-10 and MK-12 present as minor components (70 : 17 : 13). The major cellular fatty acids were anteiso-C 15 : 0 (40.6 %), anteiso-C 17 : 0 (25.1 %) and iso-C 16 : 0 (17.9 %), while minor components were C 16 : 0 (5.6 %), C 17 : 0 (3.8 %), iso-C 15 : 0 (2.7 %), C 15 : 0 (2.1 %), iso-C 17 : 0 (1.4 %) and iso-C 14 : 0 (0.7 %). The detected polar lipids were *ai, anteiso-branched; i, iso-branched; ch, cyclohexyl; ai-C 15 : 0 -DMA, 1,1-dimethoxy-anteiso-pentadecane. †PG, phosphatidylglycerol; DPG, diphosphatidylglycerol; GL, unidentified glycolipid.
phosphatidylglycerol, diphosphatidylglycerol and four glycolipids (Fig. S4) . The DNA G+C content of strain HIs16-32 T was 72.2 mol%.
The results of the phylogenetic analyses based on the 16S rRNA gene sequences revealed that strain HIs16-32 T showed relatively high sequence similarities (>96 %) with members of the genera Herbiconiux, Plantibacter, Schumannella, Chryseoglobus and Leifsonia but did not form a reliable clade with any members of the family Microbacteriaceae irrespective of the treeing algorithms used in this study (Figs 1 S2 and S3 ). In addition, the strain was revealed to have some differentiating phenotypic characteristics from the related genera within the family Microbacteriaceae (Table 1) . Strain HIs16-32 T possesses L-Lys as a diagnostic diamino acid in the peptidoglycan, whereas the members of the closely related genera, namely Herbiconiux, Plantibacter, Schumannella and Leifsonia, have 2,4-diaminobutyric acid. Although the members of the genera Chryseoglobus, Lysinibacter, Frigoribacterium and Okibacterium have Lys in their peptidoglycan, the combinations of major menaquinones, fatty acid compositions, acyl type of the muramic acid, DNA G+C content and motility are different from those of strain HIs16-32 T . Therefore, strain HIs16-32 T should not be affiliated to an established genus of the family Microbacteriaceae. On the basis of the phylogenetic relationship and their distinctive phenotypic characteristics, it is proposed that strain HIs16-32 T should be classified as representing a novel genus and species of the family Microbacteriaceae, with the name Arenivirga flava gen. nov., sp. nov.
DESCRIPTION OF ARENIVIRGA GEN. NOV.
Arenivirga (A.re.ni.vir¢ga. L. fem. n. arena, sand; L. fem. n. virga, rod; N.L. fem. n. Arenivirga, a rod from sand).
Cells are Gram-stain-positive, short rods, aerobic, nonmotile and non-endospore-forming. The cell-wall peptidoglycan is of the B1g type with L-Lys as the diagnostic diamino acid. The acyl type of the muramic acid is N-acetyl. The predominant isoprenoid quinone is MK-11, along with minor amounts of MK-12 and MK-10, and the major cellular fatty acids are anteiso-C 15 : 0 , anteiso-C 17 : 0 and iso-C 16 : 0 . The principal polar lipids are phosphatidylglycerol, diphosphatidylglycerol and glycolipids. Phylogenetically, the genus Arenivirga belongs to the family Microbacteriaceae. The type species is Arenivirga flava. The type strain HIs16-32 T (=NBRC 112289 T =TBRC 7038 T ) was isolated from a sand sample collected from a mangrove tidal flat on Ishigaki Island, Okinawa, Japan. The DNA G+C content of the type strain is 72.2 mol%.
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